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AN INVESTIGATION OF A SUPERSONIC AIRCRAFT CONFIGljRATION 

HAVING A TAPERED WING WITH CIRCULAR-ARC 

SECTIONS AND SWEEPBACK 

ESTIMATED DOWNWASH ANGLES DERIVED FROM PRESSURE 

MEASUREMEPJTS ON TRE TAIL AT MACH 

By Frederick C .  Grant  and John P. Gapcynski 

I From an analysis of pressures measured on the  horizontal  t a i l  of  a 
supersonic  aircraft  configuration i n  the Langley 4- by  4-foot  supersonic 
tunnel at Mach numbers of 1.40 and 1.59 estimates of downwash angle i n  
the  plane of t he   t a i l   a r e   ob ta ined   fo r   t he  complete model  and the model 
less   the  wing. These r e su l t s   a r e  compared with an approximate  applica- 
t i on  o f  l inearized  theory and, where appropriate,  wlth  force-tests 
r e su l t s   fo r   t he  same configuration. 

The  downwash angles  obtained from the  pressure measurements were 
found t o  be everywhere greater  than  those  of  the  theory. This appears 
t o  be due largely  to   the  neglect   of   the  flow f i e l d  produced  by the  ver-  
t i c a l   t a i l .  There was reasonable agreement in the  average rate of  change 
of downwash angle  with  angle of  attack  with  the  exception of those  values 
obtained  nearest   the   ver t ical   ta i l .  I 

Both the  pressure data and the   theore t ica l   resu l t s   ind ica te  that 
about half o f   t h e   t o t a l   r a t e  of change of downwash angle  with angle of  
attack is due t o   t h e  wing a t  a Mach number of 1.40. A t  a Mach number 
of 1.59, theory  indicates the same trend.  Ekperimentally at M = 1.59, 
however, pressure downwash angles show a somewhat smaller wing contr i -  
bu t ion   to   the   ra te  o f  change o f  downwash angle  with angl'e of a t tack,  
while on the  other  hand, f o r c e   r e s u l t s   a t   t h e  same Mach number  show a 
greater wing contribution. 



2 

INTRODUCTION 

A knowledge of the downwash f i e l d   a t   t h e   t a i l  o f  a supersonic air- ... - 

craft  configuration is e s sen t i a l   t o  the determination of the   s ta t ic   lon-  
g i tud ina l   s t ab i l i t y  of the  .a i rcraf t .  -Most of  .the  supersonic downwash 
f i e l d  measurements have  be& made behind isolated wings as i n   r e f e r -  
ences 1 t o  5 .  References 1. t o  3 contain measurements of the downwash 
field a t  E4 = 1.53 for  rectangular,  triangular, and swept wings,  respec- 
t ive ly .  Reference. 4- presents   f ie ld  measurements behind  a  rectangular 
wing a t  M . =  2.41 and reference.3  gives  values  behind  a  trapezoidal 
wing a t  M = 1.91. In  reference 6, over-all  dawnwash values a t   t h e  t a i l  
88 derived from force-test   data  are  given  for  a  rectangular wing and 
t a i l  and body combination at M = 1.92. Force-test downwash values  for 
t he  40° swept--wing and swept-tail.configuration a f   t h i s  paper are given 
in  reference 7 for-  M = 1.40 and reference-8 f o r  . M .= 1.59. 

.. - 

-. 

" 

Linearized  solutions  for  the downwash fields of wings of  various 
shapes may be found in the  works of Lagerstrom and G r a h a m  (references 9 
and 10) who use  the method of  superposition  of  conical flow solutions; 
bmax and Sluder  (reference 11) who use a surface .of potential  discon- 
t i n u i t y  formed by a dis t r ibut ion of  doublets; and Mirels and Baefeli 
(reference E') who use  the  discontinuity formed by a dis t r ibut ion of 
vortices.  The  method of reference 12 was used for   the  wing of the con- 
figuration  of  this  paper. . .  . .  . .- 

. ". 

- I  - 

. -  

The f l o w  -2lelds  over  bodies  of-revolution may be calculated  by  the 
method of  characterist ics 88 discussed i n  reference 13 fo r  .Oo angle of 
attack and in reference 14 fo rang le s  of attack  other  than Oo. Linear- 
ized  theory  calculations  for  corresponding  attitudes may be made by the.  
methods of  -references- 15 and 16 which were used  for  the  calculation of 
the body downwash fields i n  t h i s  paper. 

- 

-. 

The t a i l  data used i n   t h i s  paper  we.re.taken in   t he  course of the 
body  and wing pressure-  tests  reported in reference.s 17 t o  20.. The e s t i -  
mated downwash angles  .given_ i n   t h i s  paper  are.  supplementary  result-8 of  
t he   t e s t s  on a  supersonic  aircr.Bft  configuration  having  a &lo sweptback 
wing a t  Mach numbers of 1.40 and 1.59. By use  of. the  pressure measure- - 

ments on the  horizont-a1 t a i l  surfaces  the  effective downwash angles a t  
t h e   t a i l  have  been approximated.by  determining  the tail incidence  angles 
f o r  which the  lifting  pressure  vanished.  Results  are  given  for  the com- 
plete  configuration and f o r  the model less  %he wing. 

. .. " 

- 
. .. 

. .  

The resu l t s   a re  compared with an approximate3pplication o f  l inear  
theory  calculations and with downwash angles  &rived from force tests 
( r e f e r e n c e ~ 7  and 8) on the  same configuration. The complexity  of the 

P 
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configuration and the  approximate  nature of the  pressure downwash angles 
t o  which the  theory is compared do not j u s t i f y  a more complete theo- 
retical   treatment.  

SYMBOLS 

Free-stream  conditions : 

P mass density  of air 

v airspeed 

a speed  of  sound i n  a i r  

M Mach number (V/a> 

9 dynamic pressure 

P s ta t ic   p ressure  

Horizontal-tail geometry: 

S area 

b 

C chord p a r a l l e l  t o  f r e e  stream at any  spanwise s t a t i o n  

C '  chord  of or i f ice   plane normal to quarter-chord  line 

X chordwise  distance from a i r fo i l   l ead ing  eage 

X' chordwise  distance from a i r fo i l   l ead ing  edge i n  plane normal 

C average  chord (S/b) 

Y spanwise distance from plane of symmetry o f  model 

t o  quarter-chord  line 
- 

Pressure  data: 

PZ loca l   s ta t ic   p ressure  
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4 - 
pressure  coefficient 

(p2q- ") 
hp l i f t ing-pressure  coeff ic ient  
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Downwash determination: 

U angle of attack  of  fuselage  center  line.  (posikive  up),  degrees 

it t a i l  incidence  angle  relative  to  fuseiage  center  l ine 
( posi t ive up) degrees 

€ downwash angle a t  t a i l  (pos i t ive  down), degrees 

ACn average  lifting-pressure  coefficient-on chord segment 
(posi t ive  up)  between 15- and 45-percent  constant  chord  lines 

1 0.45 

(0*45 - a.i5 L 1 5  h ~ ( x / c )  ar  

. )  

1 0.41 

0.41 - 0.13 k.13. 
@Pd(x'/c') 

X N  .average  lifting-pressure  coefficient on spanwise s t r i p  
(posi t ive up) between 15- and 45-p.ercent  constant  chord  lines 

Subscripts: 

L -IoweF.-surf  ac e 

.. 

. 

U upper  surface 
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Tunnel.- The data presented in t h i s  paper  were  obtained i n   t h e  
L a n g l s b y  4-foot  supersonic tunnel at Mach numbers of 1.40 and 1.59. 
A detailed  description o f  this   tunnel  may be  found in   re fe rence  17. 

Model.- The sting-mounted s t e e l   t e s t  model ( f i g .  1) w a s  b u i l t   t o  
the dimensions  given i n  figure 2. The af terpiece shown in   f i gu re  1 is 
integral   wi th   the model and forms a par t  of the  s t ing  as  shown i n   f i g -  
ure 3. The detachable wing of the  model had 40' of sweepback a t   t h e  
quarter-chord  line,  aspect  ratio 4, t ape r   r a t io  0.5, and 10-percent- 
thick  circular-arc  sections normal t o   t h e  quarter-chord  line. 

The ho r i zon ta l   t a i l  had 40° sweepback at   the  quarter-chord  l ine,  
aspect  ratio.3.72,  taper  ratio 0.5,  and NACA G5-008 sections normal t o  
the  quarter-chord  line. 

The t a i l  incidence  angles were se t   a t   t he   roo t  by means of machined 
f i l l e r  blocks which f i t t e d  around the  horizontal  tail and into a cut-  
out   in   the rudder. The pivot axis for the   horizontal  t a i l  passed  through 

in  three  ver t ical   p lanes  on the   l e f t   ha l f  o f  the   horizontal  ta i l .  The 
number and location of the   o r i f ices  were limited  by  the  thinness of the 

ure 4 are shown the  posit ions of  the  or i f ice   planes and the  spanwise 
s t r i p  used i n  the  analysis o f  the  pressure  data.  

. the  73-percent  point o f  the  root chord.  There  were 35 orifices  arranged 

ta i l .  The posit ion of each o r i f i c e  is given i n   t a b l e  I, while i n  f ig-  

TESTS 

Experimental  data were obtained a t  Mach numbers of 1.40 and 1.59 
and Reynolds numbers (based on the wing mean aerodynamic chord) of 
600,000 and 575,OOO, respectively,   for  the complete model and t h e  model 
less   the wing. The angle-of-attack  range of the  complete model was -3' 
t o  8' at  M = 1.40 and -5O t o  10' at M = 1.59. The  model less   the  
wing was  t e s t ed   fo r  an angle-of-attack  range of -5' t o  4' at M = 1.40 
and -5' t o  10' a t  M = 1.59. The t a i l  incidence  angles  for  each  angle 
of a t tack  are  shown in t ab les  I and 11. The data  were obtained  for  stag- 
nation  conditions of:  gressure, 0.25 atmosphere;  temperature, 110' Fahren- 
he i t ;  dew points of -30 Fahrenheit a t  M = 1.40, and -35O Fahrenheit 
a t  M = 1.59. 
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PRECISION OF TESTS A.ND RESUITS 
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Calibration  data  for  the  test  sect-ion at Mach number 1.40 may be 
found in  reference 18 and at Mach  number 1.59 in  reference 17. Since 
the  gradients of f l o w  parameters a re  emall in   the   v ic in i ty  of the model, 
no corrections have  been made t o - t h e  data. 

The estimated extreme variations of  M and P through t h e   t e s t  
section  are fO.O1. The estimated  error i n  P a t  a  given  point of  the 
tes t   sect ion is fo.003. 

The accuracy  attained  in  setting.the  angles a and it is esti- 
mated as f0.02O and :O.O5O, respectively. 

The estimated m i x i m u m  error  in E due to   the  local   var ia t ion  of  
P, t o   t h e  s e t t l m f a  and itr and t o  changes i n  the  fa i r ing  of .   the  
pressure  ddstributions and .the loading curveB of the spanwise s t r i p  
i s  f0.250. 

Presentation and Analp ie  of Experimental Data 

In tables I and.=,  the dat-&--obtained for   the  horizontal  ta i l  are 
given in  pressure-cne-fficient form. 

In each orifice  plane,  point downwash angles were obtained from' .- 

the  data  by  determining  the t a i l  incidence angles f o r  which t h e   l i f t i n g  
pressure  vanished at the  15-percent  constant  chard  line. . A t  these  inci-  
dence  angles,  the  chord line of the  orifice  plane was considered to   be  
alined  with  the flow at   the   leading edge in   t he   o r i f i ce   p l ane  and the  
downwash angle was found from the   re la t ion  6 = a + it. Curves of the 
variation of this  point downwash angle  wfth  angle o f  at tack are given 
in  f igure.  5 for   the  model at" hl = 1.40 and 1.59,. with and without  the 
wing. 

The point downwash angle  described is not  the  angle o f  downward 
deviation of the flow i n   t h e  absence  of  the  tai l ,  which is the  usual . 

concept of a  damwash  angle. The fact  tha-ch  point of analysis is 
behind  a  detached shock and includes  a  considerable  length  of Leading 
edge in i ts  fore Mach cone makes the  point downwash analysis  yield a 
value of  downwash angle  determined  by  local  conditions in   the  fore  Mach 
cone. In   addi t ion,   the   interference  effects   of the body-wing-rudder 
combination may vary  the  flow  field  at-the td-1. The point downwash 
angles  deriv'kd from".the pressure  analysis  are  to  be consLdered then as 
approximations to   the-usua l   po in t  downwash angles and not  identical   with 
them. The reason  the  values  are  considered  as  approximations t o   t h e  

- 



downwash angle and as  such compared with  theory is that the  horizontal  
t a i l  i s  a comparatively  large  distance above the  trail ing-vortex  sheet 
from the wing and the  part   of  the t a i l  in   the   fore  Mach cone i s  subject 
t o  a comparatively  uniform  flow. 

The area downwash angles  are  presented i n  f igure 6. To f ind  the 
area downwash angles,  the  normal-force  coefficient Ac, on a chord  seg- 
ment between the 15- and 47-percent  constant  chord  lines, was found i n  
each orifice  plane.  These normal-force  caefficients were plotted  against 
the  spanwise s ta t ion   as  shown in  figure 7 and were then  integrated. The 
vanishing of t h i s   i n t eg ra l  &N with  ta i l   incidence  angle  was taken t o  
indicate  an  average  heading of the  local  air s t ream  for   the   s t r ip  bounded 
by the 15- and 45-percent  constant  chord  lines. A smple   var ia t ion  of 
EN w i t h   t a i l  incidence  angle i s  shown in   f igure  8 along  with  the  derived 
area downwash angle. 

If suf f ic ien t   o r i f ic ies  were available  over  the  entire tail, the  
area downwash angles would be  those  corresponding  to  the  vanishing  of 
t h e   t a i l  normal-force  coefficient-. - 

? J B O m I C A L  ANALYSIS 

Theoretical  calculations  of  the downwash f ie ld   in   the   reg ion  of 
t h e   t a i l  of the  model were made for  the  fuselage  alone (less canopies) 
and the wing alone. Point downwash values  were  obtained a t   t h e  same 
chordwise  locations, and chordwise and spanwise integrations were per- 
formed fo r   t he  same region  of  the t a i l  used  in  the  analysis of the  experi- 
mental  data.  For  the  case  of  the  wing-fuselage  combination, the  values 
of the  downwash were approximated  by superposition o f  the  wing and body 
values. 

The body downwash values were determined from l inear   calculat ions 
(references 15 and 16) of the flaw f i e l d  about  the  fuselage i n  the  vicin-  
i t y  of the tai l .  

. The wing downwash values were calculated  by  the method of re fer -  
ence 12. ThFs analysis  (reference 12) i s  based on a l ine  vortex  located 
at a s t ra ight - l ine  approximation t o  t he  locus of the  centers  of  pressure 
of the  individual .wing s ta t ions .  For the  present  application,  this 
s t ra ight - l ine  approximation intersected  the  root chord a t   t h e  50-percent 
s ta t ion  for   both Mach numbers, and t h e   t i p  chord a t   t h e  35-percent 
s t a t ion   fo r  a Mach number of 1.59, and the  10-percent  station  for a Mach 
number of 1.40. 
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The theoret ical  span  1oad.ings used to  esixbLish  both  the  position 
and magnitude of the  l ine  vortex were obtained from references 19 
and 20 f o r  Mach numbers of 1.79 and 1.40, respectively. 

The  downsrash calculations were made fo r  a fixed-tail-plane  posi- 
t ion   re la t ive   to   the  p-lane of the wing at aq angle of attack o f  0'. No 
allowance was made- for   e i ther   the drop i n   t a i l   p o s i t i o n   a s   t h e  wing 
angle of attack was increased, o r  the-displacement of the  trail ing-vortex 
sheet.  Actually,  the  vortex  sheet w i l l  displace downward. as  the  angle 
of attack i s  increased and the   t a i l   pos i t i on  drops so  tha t   the  two 
effects  w i l l  tend  to  canc-el each other. 

The r a l l i ng  up of the  trail ing-vortex sheet-has a negligible  effect  
on the  downwash angles fo r  this configuration  because of  the  lacstion 
o f  the  horizontal  tai l .  The short-span-tail  plane i s  not   fa r  enough 
downstream of the wing t i p s   t o  be  affected  by  the  rolling-up  process 
which starts a t   the   t ips   ( re ference  21). 

RFSULTS AMD DISCUSSION 

Variation of point downwash angles  with a.- In  figure 5 ,  for  both 
the  complete model and the  model less   the wing, the  variations  with 
angle of attack of the paintdownwash  angles  derived from the  pressure 
data  are  presented  along  with  corresponding  theoretical  variations. 

b 

A l l  the  point downwash values  are somewhat higher  than  the  corre- 
sponding theory  for  both  the complete model and the  model less wing. 
Considering  the  influence of the   ver t ica l  ta i l ,  which is  neglected  in 
the  theory,  helps t o  account for   this   di f ference.  The velocity  increase 
at the  horizontal-tail   location, caused  by the  ver t ical- ta i l   th ickness ,  
occurs  mostly normal to   the  leading edge and s ince   t he   ve r t i ca l   t a i l  has 
a aweptback leading edge, it tends t o  increase  the  experimental down- 
wash angles. If average  slopes are taken  over  the  range of angles of 
a t tack  for  which there  are data, the  ds/da as indicated  by  the  point 
downwash-angle variations are much the same aa those  indicated.by  theory, 
except in  the  inboard  plane  for  the model less   the wing. A t  M = 1.59, 
( f i g .  5( b) ) , the  point d-wash-aggle variation  for  the  inboard  plane 
indicates a somewhat higher da/da th&  the  theory.. 

The difference  curves of figure 5 represent  the downwash angle due 
to  the  addition of the wing. Although they  are  subject tQ twice  the 
error  of e i t h e r   o f t h e   o t h e r  curves  taken  alone,  the agreement in angle 
and slope is good for   the  two outboard  stations  at  both Mach numbers. 
A t  the  inboard  station  at  M = 1.59, the  large body contribution  indi- 
cated by the  pressure downwash leads t o  a negative &/da over  the  posi- 
t i v e  a range and the  largest  disagreement  with  theory. 
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Variation  of downwash angle  with  spanwise  position.- In t h e  t a i l  
span-loading  curves  of figure 7, there  is, for  angles  -of  attack  greater 
than  zero,  an  evident  gradient  along  the  span  in  the it required  for 
zero &n. If the  vanishing  of Acn is  taken as the   c r i t e r ion   fo r  
alinement of the  chord  of a spanwise s ta t ion  with  the  local  flow, and 
t he  downwash angle computed as E = a +. it, an increase i n  downwash . 
angle from the  outboard  to  the  inboard  orifice  planes is  indicated. A 
larger  gradient is  shown for   the  model l e s s   t he  wing  than  for   the com- 
p l e t e  model, indicating a large body contribution  to d€/da. 

Variation  of area dawnwash angle  with a. - The area downwash bngles 
for   the  complete model and the  model less  wing, given i n  figure 6 ,  are 
somewhat higher  in  every  case  than  the  values of t he  corresponding  theory. 
The previously mentioned inf luence  of   the  ver t ical   ta i l   helps   to   account  
for   this   di f ference.  The agreement i n  &/da fo r   t he  complete model 
and the  model less   the  wing is good throughout  except  for  the complete 
model at M = 1.59 in  the  negative  angle-of-attack  range. 

In  the  difference  curves of f igure 6, the  var ia t ion  of   the  differ-  
ence  between the  downwash values  obtained  for  the complete model and the 
model-less-wing configuration is compared with  the  variation  of  theo- 
reticalwing-alone  values. Thls comparison is of  uncertain  significance 
because  of the unknown magnitude of the  interference  effects  due t o   t h e  
addition  of  the wing. 

The area downwash difference  variations at M = 1-40 agree  very 
closely  with  theory  while at M = 1.59 they  indicate a negligible de/& 
as compared with  theory. 

Comparison of area downwash angles  with  force-test   results.-  The 
downwash curves from the  pressure analysis and the  theory  are  compared 
with  the  resul ts  of force- tes t s   in   f ig&e 9. The force- ies t  downwash 
angles  were  obtained  by  determining  the t a i l  incidence  angle  for which 
the  addition o f  t h e   t a i l  had no effect  on the   pi tching moment. 

From the  force tests it was also found tha t   t he  downwash angles 
corresponding to  the  vanishing of the  pitching-moment increment  yere 
essent ia l ly   the  same as  those  corresponding to the  vanishing  of  the 
normal-force  coefficients. Hence the  area downwash from the  pressure 
t e s t s  should  be an approximation to   the   force   resu l t s .  

For the  complete configuration  at   both Mach numbers, the  pressure 
data, though indica t ing   s l igh t ly  lower downwash angles  than  the  force 
data, show essent ia l ly   the  same values  of ds/da, values which agree 
reasonably  well  with  theory.  Similar agreement  between the  pressure 
data and theory i s  shown for   the  model-less-wing configuration a t  
M = 1.40. No force data are avai lable   for   the model-less-wing 



configuration  at- M = - 1.40. For M = -1.59 the force and pressure  data 
show dissimilar trends for   the  model-less-wing configuration,  the pres- 
sure  data shoving a considerably  higher  dc/&  value. The theore t ica l  
value is  between both sets o f -  experimental data. 

f 

f: 

A t  both Mach numbers, the   theore t ica l   resu l t s  agree that the model- 
less-wing  configuration  contributes about the same & /da as the wing 
alone. The pressure results at . M = 1.40 credi t   the  model-less-wing 

the pressures .indicat-e  that the contribution of  the model less wing i s  
considerably more than half  of t h e   t o t a l  ds/da. The only force-test  
r e su l t s  at M = -1.59 indicate a..small body .contribution  . to the t o t a l  
d€/da. 

configuration w i t h  about the same de/da as the w i n g ,  but  at" M = 1.59, ... . " 

CONCLUDING FGMARKS 

From an analysis of pressures measured on the horizontal t a i l  of  a " 

supersonic  aircraft  configuration in the  Langley 4- by  k-foot  supersonic 
tunnel at Mach numbers of 1-40 and 1.59, estimates of downwash a n g 1 e . h  
the plane of the tai_l are obtained. for the compl&e model and the  model 
less the  wing. These resu l t s   a re  compared w i t h  an  approximate applica- 
t i on  of l inearized theory and, where appropriate, w i t h  force- tes t   resul ts  ~ 

for   the same configuration. c 

c 

The pressure downwash angles  are everywhere greater than  those of - 

the  theory. This is  probably due largely  to   the  neglect  of the flow 
field produced by  the  .vertical  tail. For the  outboard  stations,  there - 

is reasonable agreement i n  the average rate of change of  downwash angle 
wlth angle. of a t t w k .  

. " -  

.. . 

. .. 

The pressure aad theoretical   results  indicate  that-about  half   the 
t o t a l   r a t e .  of  change of-domwash.  angle  -with  angle of attack i s  due t o  
the  wing a t  a Mach number o f  1.40. A t  a Mach  number of 1.59, theory 
indicates  the same trend.  Experimentally, however, pressure downwash 
angles sh0w.a somewhat smaller wing contribution  to the rate of change 

t eS t . r e su l t s  a t  the same Mach number  show a much greater wing contribution. 

" - 

of downwash. angle with. angle o f  attack,  while on the  other. hand, force- " 

Langley Aeronautical  Laboratory 
National  Advisory Committee for Aeronautics 

Langley Held, Va. 
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TABLE I. - PRESSURE C O E F F I C m S  ON HORIZONTAL TAIL FOR MODEL LE89 ITS WIRG 
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Figure 1.- Pressure model of supersonic  aircraft  configuration tested 

in the Langley 4- by 4-foot supersonic  tunnel. 
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Sectton ,474 

SectionB-8 

Figure 2.- Details of model of supersonic  aircraft.configuratlon. D i m e n -  
sions in inches unless othemise noted. W 
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Figure 3.- Installation of pressure model of supersonic aircraft  config- 
uration tested in the Langley 4- by 4-foot supersonic  tunnel. 
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Shaded area used for 
pressure analysis 

015 c to -45 C )  

' (Orifice sfat ions given 
in TobleI)  

4 
C / h e  

21 

Figure 4.- Schematic diagram of horizontal  tail. Dimensions in inches 
unless  otherwise  noted. 
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Figure 5.- Variation with angle of attack of point donwash angle on 
the 15-percent constant  chord line. 

. 1 t 



. .  . . . 1 

. . . . . . . 

I I 

, . . . . . . . . 

1 

Complete model Model l e s s  wing Difference 

"" 
" 

-4 0 4 8 12 -4 0 4  8 12 -4 0 4 a 12 
a, degrees 
(b) M = 1.59. 

Figure 5.- Concluded. w 10 



comprete model 

8 

4 F 
W" 

- 8 - 4 0 4  8 12 

(a) M= 1.40. 

figure 6.- Variation with angle of attack of area d o m a s h  angle. 
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Figure 7.- Span-loading curves f o r  the s t r i p  between the 15- and 
45-percent constant chord l ines  on the  horizontal  tail. 
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Figure 9.- Comparison of variation of downwash angle w f t h  angle of 
attack f o r  varfous analyses, 
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